INTRODUCTION
The increase in propagation velocity of premixed flame due to fluid mechanical turbulence can be expressed by a turbulent burning velocity, s,. by analogy with the laminar burning velocity, Su. Whereas the laminar burning velocity is a unique property for a given state and reactant composition, the turbulent burning velocity is affected by the properties of the incident turbulence, and perhaps burner geometry.
Despite a large number of experimental and theoretical studies of turbulent fl_ames, fluctuations, and Reynolds stress we have measured within the flame have been reported in our earlier papers [6, 7] . The experimental conditions cover free-stream velocity U.., from 5.0 to 7.0 m/s, ethylene/air equivalence ratio, rp, from 0.66 to 0.8 and incident turbulence intensities from 5 to 8 %. Under these experimental conditions, the turbulent flame can be classified as a wrinkled laminar flame. Two-point density measurements [8] have shown that the turbulent flame consists of a continuous fluctuating thin flame sheet. As discussed in [7] , the significant increase in turbulent intensities and Reynolds stress within the flame region appear to be the effects of intermittent velocity measurement in the burned and the unburned states.
Measurements of the turbulent burning velocity in v-shaped flames have been reported by Ho et.al. [9] , Smith and Gauldin [10] , and Dandekar and Gauldin [U]. Ho el.al. [9] define the flame surface of a stoichiometric methane/air flame using temperature data obtained with rhodium hot wire. They estimate the turbulent burning velocity of this fiame to be the normal component of the free-stream velocity with respect to the flame surface. Smith and Gauldin [10] determine the flame surface for their methane/air flames with thermocouples, and measure the approach flow velocitywith hot-wire and LDV. Their turbulent burning velocity data are correlated with both the macroscale Reynolds number (Rt) and the microscale Reynolds number (R"A).
Subsequent work of Dandekar and Gauldin [11] involves measurement of turbulent burning velocity in methane/air, propane/air and ethylene/air flames. They question whether or not the length scales and fluctuating velocities of lhe incident turbulence are sufficient to correlate the turbulent burning velocity.
All of the previous experimental measurements [9] [10] [11] are concerned with determining St for a fixed location above the flame stabilizer. As shown in our previous work [7] , the properties of the turbulent flame change along the flame brush. Since our 3 velocity data cover the entire flow field, local St 's are determined for various positions above the flame stabilizer. As shall be seen later, these local turbulent burning velocities also vary along the flame brush. This shows that to obtain a representative 5t for the v-shaped flames, measurement at a single point may not be sufficient.
Two methods are used to deduce s,. The first is the conventional method of defining St with reference to a flame surface. This flame surface represents the overall geometry of the flame brush. The second method, which we have developed, is based on an effective flame orientation. The effective flame orientation is shown to be more consistent with the geometry of the flame convolutions. It is based on the deflection of the velocity through the flame brush. The second method, which can be obtained conveniently from our data, is proposed as an alternate means to deduce s, because the use of the first method produces results which are inconsistent and sometimes nonphysical.
In laminar fiame, the two methods are identical because the flame surface coincides with the effective flame orientation. In turbulent flames, the two methods should produce similar results if a consistent "universal" turbulent burning velocity exists.
However, as shall be seen later, Se 's based on the two methods are quite different. This difference emphasizes the need to standardize the method for defining the turbulent burning velocity in this flame configuration. Otherwise, the results would not be useful for the development of numerical model for turbulent combustion. above the fiame stabilizer, and thirty transverse {y) measurement points from the fiame center to y = 30 mm. Details of the LDV system, the computer-controlled data acquisition system, and the data reduction methods are described in Ref. [6] .
EXPERIMENTAL SYSTEM
The mixture compositions and properties of the incident turbulence for the six • experiments {labeled Flame #1 to #6) are listed in Table I . Also listed are the dimensions of the three turbulence generators. These mixture and turbulence parameters of our experiments correspond to (Su/u') of 0.9 to 2.4 and R l of 80 to 140. Therefore our turbulent fiames are mostly within the wrinkled laminar fiame regime of Su/u'> 1 prescribed by Abdel-Gayed and Bradley [5] .
The turbulence intensity across the jet is found to be uniform and decays downstream from the generator. With U,.,. = 7.0 m/s,the incident turbulence decays from 5 % at x = 60 mm to 3.5% at x = 120 mm. With the presence of the fiame, the incident turbulence decays more slowly due to additional turbulence generated by the fluctuating flame [9] . For Flame #3 through #6, the additional turbulence compensates the normal turbulence decay such that no significant reduction in the incident turbulence is observed. Ideally the turbulent burning velocity for these fiames should be indepen- to the mean flame surface, as in Ho et.al. [9] and Smith and Gauldin [10] .
In this study, the steepest gradient contour is chosen because this surface is consistent with the oq.e used in most experimental studies. It is deduced from our velocity data by fitting parabolically the positions of maximum velocity gradient along the flame brush. These positions also represent the peak RMS velocity fluctuation points.
Previous study [12] has also shown that the maximum density gradient and the maximum density fluctuation also occur close to these positions. Therefore this contour should be identical to the mean flame surface used by Ho et. al. [9] and to the mean schlieren surface used by Smith and Gauldin [10] .
As depicted in Fig. 3 , the turbulent burning velocity is therefore
where, a., is the local orientation of the mean flame surface or the local slope of the contour and ~1 is the deflection of the velocity vector entering the flame brush, U 1 •
The velocity at the cold boundary of the flame region is used as U 1 • The cold boundary of the flame region is defined as the position where the Reynolds stress shows an initial rise from its free-stream level [6] .
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Method ll : E11'ective F1ame Surface
The most apparent feature of the flow field as shown on Fig. 2 is the deflection of the flow from outward away from the flame center to inward across the flame brush.
Although the changes in direction and magnitude of the mean vectors are quite gradual, particle tracking records [13] shown on our schlieren movies and has been discussed by others [14] .
Since the flame sheet is convoluted, the orientation of the local instantaneous flame fronts are quite random. Suzuki et. al [15] have carried out a study of the movement of the local instantaneous flame front using two ion-probe technique. They also
show that the direction of the flame front movement is normal to the orientation of the flame. Therefore, the most probable flame movement direction they have obtained also specifies a most probable flame front orientation. It is interesting to note that their results show that the most probable flame front orientation is quite different from the flame surfaces.
Since the conserved tangential velocity criterion prescribes a consistent relationship between the flow deflection and the flame orientation, this implies that the flame orientation can be deduced from the velocity data. Although the flame-flow interaction model is valid only at the local flame front, statistically, the net effect of all the interactions within the flame brush should produce the observed mean flow deflection.
Therefore, the flow vectors entering and leaving the flame region, as in Fig. 4(b (4) where {3 is the effective fiame orientation angle with respect to the x-axis while 19-1 and 19-2 are the defiection of ul and u2 respectively. Ideally, the two velocity vectors should be selected by following the streamlines through the fiame region. But due to combustion induced stream-tube divergence, it is not feasible to construct the streamlines. Therefore, the velocity vectors at the hot and cold boundaries at fixed axial location are used to calculate S,. Since the velocity at the hot boundary are· fairly independent of x, this procedure should be sufficient. It should be noted that this method is not applicable at x ~ 70.0 mm and throughout most part of a highly oblique fiames where the burned region is infiuenced by the wake of the fiame stabilizer. Table II Table lib , the result at x = 110 mm is almost four times higher than that at x = 60 mm. Therefore, using the cold boundary does not provide any improvement in obtaining a representative and consistent St for the turbulent fiame.
RESULTS and DISCUSSIONS

Compared in
In comparison, the St({J)'s are larger than the St(a)'s and the St(acb)'s. The most
interesting implications of the magnitude of fJ is that none of the fiame surfaces, be it the steepest gradient contour or the cold boundary would be consistent with the overall deflection of the flow through the flame region. This is in accord with the experimental results of Suzuki et. al. [15] showing that the most probable flame orientations are much larger than the orientations prescribed by the fiame boundaries.
It is interesting to note that the St(fJ)'s do not show an increase with distance x, though they scatter over a range comparable to that of the St(a)'s, (Table II) [7] . The increase in burning velocity due to the increase in flame surface area is well known. This phenomenon is also shown in recent theoreticaL calculation by Ashurst and Barr [3] using the vortex dynamocs technique. Therefore, the change in flame angle is only a secondary effect as compare to the increase in flame wrinkling, as shown by the relatively small changes in a. with increasing turbulence intensity {Tables II to IV). Consequently, definition of the turbulent burning velocity based solely on the change in flame angle does not seem to be sufficient to fully encapsulate all the effects of turbulence on flame propagation.
Another shortcoming of this method is that there is no standard for choosing the flame surface. In other flame configurations this may be irrelevant. But in this ., ~ FLAME STABILIZER 0~--.------------------------------------------------, 7.0 0 FLAME #1 6.0 6, FLAME 112 X FLAME #3
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